The basic facts of glucose homeostasis are well known; however a few problems remain, and their solution is increasingly dependent upon the application of new techniques. It is the purpose of this paper to draw attention to one such technique and illustrate its usefulness by describing two experiments in which it has been used.
The continuous monitoring of blood constituents is not new, but it remains unusual and few have much experience of it. The AutoAnalyzer was first described in 1957 (Skeggs, 1957) , and shortly afterwards Ferrari and his colleagues described its use in measuring blood constituents continuously. They devised a doublelumen catheter (Weller et al., 1960) , through one lumen of which blood could be sampled, after it had been anticoagulated by heparin pumped down the other lumen. However, most early workers found it easier either to heparinise the patient or to add anticoagulants after the blood had been sampled (Kawerau and Surtees, 1966) . Nonetheless, the method was never widely adopted, due to Paper read at Southern England and South Wales Regional Mcctiog, London, March, 1969. difficulties in sampling; and Professor Butterfield and his colleagues concluded in 1964: 'The precautions needed to prevent blood clotting in the AutoAnalyzer were arduous ... and we recommend frequent sampling rather than continuous monitoring whenever possible' (Butterfield et al., 1964) .
Continuous measurement of blood sugar has been found relatively easy using a catheter recently devised (Spathis et al., 1966a) . Its dimensions are shown in Fig. 1 and it is represented diagrammatically in Figure 2 . It is very similar in concept and design to that described by Weller and his colleagues (Weller et al., 1960) but has certain advantages. We were able to use tubing which was much smaller than was available before but which still had a lumen large enough to allow adequate sampling and this, combined with the adoption' of Seldinger's technique (Seldinger, 1953) , makes insertion into a vein simple and into an artery possible. As will be seen from Fig, 2 , the outer catheter A, can be removed from the glass 'h' piece (C) at the point 'a'. It can thus be inserted independently, and, using Seldinger's method, a needle no larger than the catheter is required for its insertion. Other than 15 ml/h.).
In the previous paper (Spathis and Hurst, 1966b) we have reproduced figures showing that the system can detect changes in blood sugar of less than 2 mg/loo ml, that the measurements are reproducible, and that a break in sampling of less than two seconds produces a recognisable deflection in the recorded trace. We also reproduced results obtained in various experiments to show how changes in blood sugar could be accurately timed in relation to experimental manipulations, as well as tracings to show recognisable artefacts.
To illustrate the value of this technique two experiments in which it was used are described. In the first experiment the method was used to help stabilise brittle diabetics, but it also acted as an aid to serendipity. Figure 3 shows the results obtained when the blood sugar was monitored for more than 24 h.
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advantages follow from the ability to dismantle the catheter in situ. Drugs may be injected into, or blood sampled directly from, the outer catheter; and should platelet thrombi obstruct blood flow, they can be cleared without having to remove the catheter.
Details of the catheter, and its construction, have been published elsewhere (Spathis et al., 1966a) as well as a description of its use (Spathis and Hurst, 1966b ) and these will not be repeated here, except in summary. To measure blood glucose, we have used a modification of Hill and Kessler's (1961) method, attaching the catheter directly to the sample line of the manifold and adding an extra tube to pump heparin into the outer lumen. In practice we find it satisfactory to sample heparinised blood at a rate of 0.32 ml/min and infuse heparin into the catheter at 0.096 ml/min (actual blood is therefore sampled at 0.24 mI/min, or rather less BG URINE Illu 111' l!l' '11' .... 4y'm' :I~' I.'
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1'1. 1M. The patient was a brittle diabetic who had been very difficult to control and had become extremely depressed with some psychotic behaviour. Despite the use of anti-depressants and of chlorpromazine he required frequent admissions to hospital for restabilisation. After alteration of his diabetic regime as a result of this study, his diabetes has been well controlled, he has been able to omit his psychotherapeutic drugs, and has returned to normal work. Figure 3 shows the relationship between carbo-hydrate load, blood sugar and the dose of insulin, and illustrates how it is possible to tailor the timing of insulin injections and the type and dosage of insulin for an individual. It will be seen in Fig. 3 that at 11 p.m., after a 15 g carbohydrate snack, the blood sugar started rising despite an injection of insulin two hours before, and continued to do so at an increasing rate until a further injection was given soon after 2 a.m, (14 h.). The sugar fell, but subsequently rose as the effect of insulin wore off in the early morning before breakfast. In Fig. 4 a recording obtained in another brittle diabetic, this effect is even more obvious. The effect of a small dose of insulin given at 10.30 p.rn, wore off by 4 a.m. when the blood glucose started to rise very rapidly (150 mg/IOO min in 120 m.) a rate greater than that produced even by severe reactive hypoglycaemia. We were surprised to find that two units of insulin was sufficient not only to arrest this rise, but also to produce an equally rapid fall. However this effect wore off in less than an hour. A further injection of 1 unit of insulin again prevented a subsequent rise in blood glucose (which in this instance had been accentuated by 6 g of sugar). 0.5 units of insulin again produced a fall; but in half an hour, the effect of the insulin had been overcome and the blood glucose rose yet again, even though the patient had not been given any more carbohydrate. This phenomenon was not so obvious in another, less brittle, diabetic and was completely absent in two acromegalies, one of whom was severely diabetic (Fig. 5 ).
Had we been sampling blood intermittently we would probably have missed the rapid rise in blood sugar and, almost certainly, would not have noticed the marked but transient fall of blood sugar in response to insulin, nor would we have recognised the extreme sensitivity to the insulin that was present.
This fasting hyperglycaemia in diabetics is well recognised, and others have drawn attention to its magnitude (Oakley et al., 1967) . Its cause is unknown, and some workers have found that they can correlate it with changes in growth hormone secretion. However its absence in the acromegalies suggests that growth hormone is not the only factor involved; and the extreme insulin sensitivity present in our two patients excludes any insulin antagonism due to growth hormone. It seems reasonable to conclude that growth hormone is not responsible for this hyperglycaemia in brittle diabetics.
Finally, I would like to describe an experiment that could not have been carried out readily by any other method than with continuous monitoring of blood sugar, since it entailed our taking over the normal control mechanisms of the body.
Changes in the apparent renal threshold for glucose in diabeties are well recognised and it is generally agreed that a low threshold may make the control of such a patient difficult. Having seen a patient who developed a low threshold at the same time that her diabetes became difficult to control I wondered whether insulin may have affected the renal handling of glucose. If insulin did in fact lower the threshold, certain other phenomena would be explicable-for instance the glycosuria following head injury, the use of steroids or the glycosuria of pregnancy. Furthermore patients with renal glycosuria but who are otherwise normal are known to have a hyperinsulinaemia in response to glucose. A search of the literature (even after enlisting the aid of Medlars) failed to reveal any relevant information. Indeed it would be a difficult field to investigate, since the usual assessment of tubular reabsorption of glucose requires an intravenous infusion of glucose and in the normal person this will be accompanied by a rise in the blood insulin.
We decided that the best way to investigate this further would be to maintain a constant blood sugar before and during the administration of glucose; and to do this we had to monitor the blood sugar continuously. We studied six diabetic patients who volunteered after the procedure was explained to them. They were well hydrated before the test. After arterial cannulation, an accurately timed specimen of urine was obtained. Insulin was then given, as well as glucose as required. When the blood sugar was brought back to the same level as before and was stable, a further timed urine specimen was collected.
Initially the patients were given a loading dose of 0.1 unit of insulin per kg body weight, followed by a steady infusion of 0.1 unit of insulin per kg body weight per hour. For technical reasons, three of the patients were not given a loading dose. Figure 6 shows a typical experiment. The arterial (A) and venous (V) blood sugar was measured continuously. The total amount of glucose given, as well as the rate is also shown. The rate of glucose infusion required to overcome the effect of insulin can be determined (in this patient, 2.4 mIlO % glucose/min.); this is a more meaningful estimate of insulin sensitivity than any other available at present.
The results in six patients and one control (No.7) are shown in Table 1 . The patients labelled A received the loading dose of insulin as well as the infusion. The amount of glucose excreted by each Table 1 ).
patient before and after insulin is shown in the first column, both as mg/min, and as a percentage change.
(The results in patient 6, who had a bladder catheter, are the mean of three baseline samples and five samples following the insulin infusion.) In the second column the excretion of glucose is related to that of creatinine and allows for minor changes in glomerular filtration rate and incomplete bladder emptying. (In patient 2 the G.F.R. was measured by a 67CO -Vit B u method, and correlated very well with the value obtained from measurement of creatinine excretion.) The third column shows the mean level of blood sugar during the periods that the urine specimens were collected. In all cases, save one, these values were the same or slightly higher after insulin infusion. In the exception it can be calculated that, if the reabsorption of glucose remained constant, the small fall in the blood sugar (7 mg/IOO ml) is not enough to account for the diminution in urinary glucose excretion. These results are shown in graphic form in Figure 7 . Because of the wide scatter, the baseline results are expressed as 100 and the results of the experiment as a percentage of them. Group A is shown by a star, and group B by a dot. Though the actual results are few, and do not achieve conventional levels of significance, it will be seen from Fig. 6 that in every case there was a marked diminution in urinary glucose excretion after insulin, despite slight increases in blood sugar. The three patients given the larger dose of insulin (group A), had a more profound diminution in glycosuria than the others.
It can be concluded from these results that insulin definitely does not lower the renal threshold for glucose; on the contrary the results suggest the opposite, that insulin diminishes glycosuria, independent of changes in blood sugar. Though these changes in glycosuria are quite marked when expressed as a percentage change, the actual increase in the reabsorptive activity of the renal tubules required to produce them is quite small, of the order of 5%. It seems reasonable to conclude therefore that insulin is not of primary importance in producing changes in the renal threshold for glucose. Spathis, G. S., Hurst, R. J. Continuous intra-arterial and intra-venous sampling using a simple new catheter; and its application to blood glucose monitoring in assessment of endocrine disease. Automation in
